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Abstract

Modern digital 1ionosondes, with both direction finding and doppler
capabilities can provide 1large scale pictures of the Spread-F irregularity
regions. A morphological framework has been developed that allows
interpretation of the HF radar data. A large scale irregularity structure is
found to be nishtward of the dusk terminator, stationary in the solar reference
frame. As the piasma moves through this “"foehn-wall-like” structure it
descends, and irregularities may be generated. Localized wupwellings, or
bubbles, may be produced, and they drift with the background plasma. The
spread~F irregularity region i1is found to be best characterized as a “partly

cloudy™ sky, due to the patchiness of the substructices.



Introduction

Since the first observations of Equatorial Spread-F (Booker and Wells,
1938), equatorial ionospheric iryregularities have been studied using vertical
incidence d1onosondes, VHF radars, radio star and satellite scintillations, and
various in situ techniques. Ionosondes have been used to provide long term
statistics on spread-F, but have been too limited to make a major imnact upon
spread-F research (see rcviews by Kelly and McClure, 1980; and Fejer and
Kelley, 1980).

Modern digital ionosondes, with both echo direccion finding and doppler
capabilities (Wright and Pitteway, 1979, 1982) can provide large scale pilctures
of the spread-F {irregularity regions. The mapping of localized regions of
small scale irregularities, and their motion across the sky, indicate that
digital sounders with direction finding (and doppler) capabilities are more
useful during disturbed conditions than undisturbed, becaus~ during these
disturhed jeriods echoes return from other than directly overhead and provide a
more complete mapping of the sky.,

This paper will discuss various aspects of Equatorial Spread=-F data taken
with the HF radar during the NASA sponsored "CONDOR" Spread-F campaign {March
1983). The HF radar was located at the Instituto de Geofyslca, Huancayo
Observatory, Huancayo, Peru (12:04°S latitude, 0.5°N dip). A morphology of the
spread=F icnosphere will be provided as a framework for interpreting eand

understanding the present data.

I. General Morphology of Spread-F
Many reviews have been written on Equatorial Spread-F (Kelly and McClure,
1981; Fejer ani Kelley, 1980; Oasakow, 1981) . We have used these reviews to

share a morphological frame work for the interpretacion of the HF-radar
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observations which will be presented in this report. We will describe our
interpretation of the equatorial spread-F morphology in a manner consistent
with the radar data acquisition capabilities. 1In this sense this morphology is

incomplete but we hope adeguate to the task of interpreting the radar results.

1. Local Scenarios - bottomside spread F

In the post sunset F-layer the background plasma drift is generally
eastward, at velocities of 100-200 m/s. In the first hours following sunset
the F-layer (and its plasma) rise at 10-30 m/s. The layer bottom (identified
as hmin) hae risen from 200-250 kilometers altitude to greater than 300
kilometers (up to 500 km). Within one to three hours after sunset the layer
(and plasma) begin to descend (again at 10-40 m/s8) for several hours, until the
layer bottom has returned to an altitude below ~250 kilometers.

As the layer descends bottomside irregularities may be generated along the
descending portions. This irregularity generation is probably due to localized
conditions, such as the vertical plasma density gradiencs, One criteria for
the onset of {irregularity formation appears %£o be the initial layer
height---many observations indicate a threshold of ~340 km., Irregularities that

have already been formed may survive after the layer drops below that

threshold, however.

Bubhles/Plumes

As the plasma desc:nds, and bottomside rpread-F irregulavitics are
generated, 1. is possible that nounlocally controlled conditic:.a such as fleld
line 1integruted conductivitiea, background acoustic gravity waves, etc. may

produce "localized" upwellings~-often called bubbles or plume: (Ossakow, 1981).
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These upwellings carry the low density bottomside plasma up to and above the
F-layer peak, creéting a cavity of lower density plasma.
These upwellings or hubbles drift generally with the background plasma
eastward at 100-200 wm/s. They move therefore relative to the bottomside
spread-F structure~-and in fact have been obServ;d completely detached (or

isolated) from that structure (see Argo, 1984; Buchau et al. 1978).

2. Fguatorial Spread-F from Various Reference Frames

Solar

The bottomside spread-F as a structure remains stationary in the solar
reference frame, with the onset approximately one or two hours past sunset
(Figs. 1 and 2). In this frame the bottomside spread-~F appears a3 a
pseudo-standing wave, with the onset very similar to the meteorological "foehn
wall.” The earth and plasma are rotating relative to the sun and so move by (or
through) this structure with velocities of ~460 m/s (560% m/s for the plasma).

The bubbles/plumes also drift relative to this structure.

Farth

The bottomside sapread-F structure appears to move westward at ~460 m/s,
and so a ground based observer will see this structure approach from the east
(Fig. 3). The plasma drifte eastward at 100-200 m/s, and substructures such as
buhbles will drift approximately with the plasma. Therefore. doppler
measurements of the advancing front ("foehu wall") will show a receding

velocity comparable to the plasma drift.,



Plasma

In a reference frame stationary relative to the horizental plasma drift,
the observer would see plasma rising at 10-30 m/s, followed by a descending
period (velocities of 10-30 m/s) (Fig. 4). Just following the onset of plasma
descent the bottomside spread-F front (“"foehn wall") would approach rapidly
from the east (560% m/s). In localized regions there would be upwelling

plasma-~these regions may or may not drift slowly eastward or westward.

3. Dynamic Structure Variations (Substructures and “"clouds")

The previous morphological description has treated the bottomside spread~F
structure as a non-changing feature in the nost-gsunset icnosphere, In fact,
this structure has 1its own variations, and it will wax and wane with varying
lonospheric conditlons. On some nights observations indicate the complete lack
of any measurable ionosphreric lrregularities.

If the hottomslde spread-F structure ls time varying, it may possidbly not
exist as its usual position approaches from the east, and may in fact be
overhead or westward befnre bottomside spread-F begins. In this case a ground
based ionosonde would observe the 8pread~F onset to the west, with all
structures driicing eastward, overhead.

Another scenario may have a portion of the bottomside spread-F structure
suitable for ouset, but with local conditions above a ground based system such
as to not support irregularity generation. In this case a grourd based
fonosonde might observe the "front" approach, but also observe it disappear
before 1t arrives overhead--so no overhead spread-F would be observed on this

glven night.
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In any case, inside the overall structure there will be a variety of
subatructures: the aforementioned upwellings or bubbles, regions of strong
bottomside irregularities (generated from localized steep gradiecats), regions
of no irregularity activity whatsoever, etc. In fact, as we see with the HF
radar (and with spatial measurements from vhf radars; Tsunoda, 1981), the

spread-F ionosphere is probably best characterized as a "partly cloudy" sky.



11. HF Radar Observations

1. Layer Motions and Spread-F Onsets

Many studies of spread-F onset have been performed in the past (e.g.,
Rastogi 1978; Sastri and Murthy, 1978). The term spread-F originated from the
spread appearance of the F-reglon trace on ionogrems. This spreading occurs as
a result of the numerous returns received by an ionosonde during spread-F
conditiouns. For the case of the standard ionosonie, it 18 not poss’ble to
remove the ambiguities arising in this multiple echo environment since the
echoes may come from virtually anywhere in the sky. We have learned ueing the
directional capability of the HF-radar that irregularity layers may approach
from eithir the east {usuelly) or the west, and that these layers are seen when
greater than 150 kilometers (and up to 1/2 hour) away.

Figure 5 shows the compoaite data for four evenings of observations,
including three with overhead spread-F and one without. On each of the nights
that we measured 1irregularities overhead, at the time the irregularities
arrived overhead the layer was dropping rapidly (12-20% m/s). 1In two of these
cases (March f 14) the irregularity region approached from the east (although
the measured Doppler velocity indicated an eastwsrd irregularity drift). Oun
the third ,ight (March 13) the irregularity region was observed to the west at
NN15 UT and the irregularities moved eastward until overhead at ~0130 UT. Ou
each day when irregularities were observed to the east, the regior appeared
overhead 1in 1less than one half hour (mean velocities ~250% m/s), whercas the
one case with irregularities moving from the weet took longer than one hour
(mean velocity ~60 m/s) to arrive overhead.

The dats presented is consistent with the picture developed in the genersl
morphology section. The irregularities are generated locslly when the layer is

dropplng. Subsequent rises do not damp out the irregulari:ies, although they
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appear to grow less explosively - see March 8., When the irregularity structure
first appears to the east it arrives overhead rapidly, albeit somewhat slower
than the terminator velocity (460 m/s). Wheu the irregularities appear to the
west the arrival of the irregulari-ies is much delayed~--perhaps becauvce they
move at the plasma horizontal drift velocities.

With the framework developed 1in the morphology section, the 1nitial
appearance of irregularities to the west 1is interpreted as follows (see
Fig. 6):

1) The conditions for irregulariiy generation are not met at the usual

posi~sunset time (1900-2000),

2) somewhat later the layer begins dropping--but now it is dropping in

the west first,

3) drregularities develop--to the wzst--and drift overhead with the

plasma,

4) spread-F (hence irregularity) activity proceeds as normal for

remainder of evening.

An important point to keep i1 mind is that bhottomside 8presad-F structure
is nonstatic. Even 1in the solar frame it is dynamic--growing, shrinking,
disappearing and reforming; only the general location remains situated behind

the sunset terminator,

Layer height and spread-F Onset

Although the layer vertical motion is a controlling factor in the
development of spread-F irregularities, the height of the layer s equally
important. In the data discussed {n the previour section the irregularity
onget height was consistently above 340 kam (hmln for the layer at overhead

onset)., On one of the seven evenings of observations there was no overhead
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spread-F--on this night the layer bottomside (hmi“) never rose above ~310

kilometers (Fig. 5). An irregularity region was observed approaching from the

east, but dissipated before arriving overhead.

2. Spread F Dynamics

Onset, Maturation, and Decay of the Irregularity Layer

The 1ife eycle of the spread-F irregularity layer, as observed by the
HF-radar, can be broken into three general stages: 1) onset, 2) maturation, and
3) decay.

Onset:

The onset of irregularities was observed following two general patterns.
In one, the irregularity region moves overhead from the east, with local
(overhead) onset occurring as the F-layer is dropping. The layer bottomside
denslty gradient has 'steepened," hence more easily supporting any gradient
driven instabilities. During this period the irregularities affect primarily
the lower HF frequencier (<4~5 MHz).

The other pattern appears very similar, except the* the irregularity

region has formed to the west and slowly drifts overhead.

Maturation:

As the irregularity layer remains overhead for longer than one half hour
it appears to thicken (as it drops in altitude), and the spreading affects
higher and higher frequencles (>5-7 MHz)., It is during this stage that both
frequency spread and complete spreading occur. Doppler contour maps (Fig. 7)
indicate that the frequency (and complete) spreading is associated with large
scale structures moving across the fleld of view (west—-to-east). We believe

that these structures sre the often seen bubbles/plumes. Evidence of this is
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the near simultaneity of observation of such a structure by the HF radar, and

observation of a plume by the Jicamarca VHF radar (Fig. 8).

Decay:

Eventually the horizontal extent of the measured irregularity region
begins to decrease, and the high frequency structure in the {onograms
disappears. The upper 1limit on the spread ionogram decreases until a quiet-

time ionogram with solely overhead echoes remains.

Motion of Irregularity Region Substructures (Clouds)

Our morphology stressed the existence of a large scale stationary (at
least in the solar reference frame) structure of ionospheric
irregularities-~through which the F-layer plasma flows. In fact, this large
structure is not likely to belcontinuous, but rather will be made of medium
scale (tens of kilometers) irregularity regions that are generated where
localized conditions are optimum for irregularity growth. Evidence for these
localized regions has previously been observed in spread-F iounograms (King,
1970), when inside the spread ionogram dominant traces have been recogulzed.
In addition,using VHF radars Tsuuoda (1981) has observed distinct patchiness in
the bottomside ixrepularities. His data indlcate that some of these patches
preferentially are involved in the generation of the bubble/plume structures.

The HF-radar also observes these medium scale structures, drifting with
the background plasma (west to east) see Fig. 9. When the echo location plots
are treated as a time history movie these structures become very evident--the
irregularity layer takes on the characteristics of time lapse cloud
photography. There 18 continuous drift of structure on all scales across the

radar field of view.
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Bubbles/Plumes via Doppler Contour Maps

The region of irregularities associated with the bubble/plume should
appear as a dominaat feature of ionograms, and yet except for certain isolated
structures (see next section) there have been .10 assertion, that such features
are eeen. This is in part due to shortcomings in the standard ionosonde, in
which echoes from all locations in the sky are mapped into a viyrtual range vs
frequency plcture--in essence losing all spatial informationm,.

Comparison of HF radar data with the Jicamarca VHF radar data, as well as
detailed analysis of the more complete HF radar fonograms does in €fact show
that 1ionosondes do obeerve the bubbles as they drift by. Bubbles (or plumes)
have been shown by Tsuncda (1981) to be regions of electron density depletion
(as predicted theoretically by Zalezak and Ogsakow, 1980). Ionosondes observe
plasma depletion regions as structure (or spread) at the upper frequencies of
the ionogrew (Paul, et al., 1968); therefore we might expect evidence for
ionospheric bubbles/plumes to be evidenced at the nose of the ioncgram. This
s 1in fact the case, Fig. 10 shows ionograms taken at the time JRO observes
plume structures. By isolating the high frequency echoes, and mapping the time
evolution of their motion, a region of irregularities 1s fcund to dritt
vest=to-east. It is this region that is associated with the bubble/plume.

The HF radar estimates line of sight Noppler for each returned echo by
measuring returned echo phase changes for closely spaced pulses (see more
compl<t: .escription in Argo, 1984). By averaging these dopoler meanurements
over horizontnl regions of ~25 kilometer extent velocity dlistributions can be
obtalned (Fig. 7). 1f the observed distributions are starked in 25 kilometer
wlde scctions (extending east/west, with altitvdes 200-500 km), a spatial
plcture of spread-F can be developed. DNuring quiet times, only the reglons

dir::tly overhead yleld returns; but as irregularity regions drift through the
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aky, large scale patterns develop. Figure 7 is a ccntour map of the post
sunset spread-F of March 14, 1983. Thie day was chosen fue to the availability
of simultaneous data with JRO. Note that as a plume develops in the VHF data
(0200 UT, 2200 LT), a large-scale structure is drifting through the contour
map. These structures are evident on all nights of spread-F activity. Figure
11 a,b show two more eveninge of doppler contour maps. Unfortunately, on these
nights nc F-layer data from JRO is available for comparison and verification of

plume identification.

3. 1lsolated or Detached Structures

Ionnsondes have 1indicated the opresence of F-layer structures in the
post-midnight ionosphere (Buchau, et al, 1978). The HF radar also has
documented the presence of such structures on at least threz occasions. On two
of these occasions the structures were observed to move from west to east, with
velocities of 150 m/sec and 65 m/ecc (see Argo, 1984), In botk cases, the
ionograms showed the characteristic features of rfrequency spreading. The hligh
frequencles were affected firsc, with lower frequencies affected as the reglous
moved overhead (filgure 12). Investiéutions of manmade depletions show
ionogrums remarkably similar to these (Paul, et al,, 1968) - the concluslon is
that the drifting regions contain underdense plasma, much as a bubble/,.ame
would.

The most notable feature of thesz structures is the apparent lack of
connection to any bottomside irregularities. Either they are bubbles generated
earlier in the evening that have outlasted their underlying generation
mechanlsm, or they are following an unseen energy sources Tsunoda (1981)
estimates plume decay rates of 5~18 dB per ten minutes for one meter scale size

irregularities. At this decay rate clearly no one meter irregularities would
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remain from the pust-sunset bubbles. Buchau et al. (1978) show the
co-existence of three meter irregularities (JRO) with their isolated - region -
we unfortunately have no sach simultaneous data.

Although the overall west to east motion of the 0600 UT March 8
irregularity vegion is found to be 65 m/sec (figure 13), the doppler
measurements indicate a reduced horizontal velocity of between 100 and 240
m/sec (depending on assumptions made). The doppler is obtained from individual
reflections within the region, so this result indicates that the small scale
irregularities are moving at 2-4 times the velocity of the overall structure.

In the early morning of March 15 (local date), the radar observed a
structure appea: to the west, remain 200 kilometers away for almost one hour,
and then disappear. The local time for this event was 0500-0600 (just
predawn), near the time of plasma d. “* veversal. In this case a very late
isolated structure may have approached from the wesi, been stopped by the drift
reversal, and either moved out of the radar field of view or dissipated

altogether.

ITI. Conclusions

A general rorphology of spread-F, in which the structure is stationary in
a 8olar reference frome C(hence moving in the earth and plasma reference
frames), provides a coherent framework for interpreting the HF radar data.
Although the horizontal motion is constant and eastvard (~i100 m/mec) at sauset,
the plusoa moves upward, and then downward. Along the downward section
localized conditions (such as vertical plasmu denslty gradients) are proper for
{rregularity generation. Hence small (~ tens of kllomcters) regions of
bottomalde irregularities are produced that drifL eastward, generally with the

plasma drift. In addition, nonlocal (yet isolated) conditions (e.g. field line
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integrated conductivities) may produce '"localized" upwellings or bubhbles.
These upwvellings, which become plasma density depletions, also drift
approximately with the plasma drift. In fact, the spread-F ionosphere is best
characterized as a "partly cloudy" sky.

The HF-radar can provide information on irrzgularity onsct, as well as
subsequent motion of the 1irregularity structures. In the past, ionosonde
obsexr vations have been interpreted as indicating that apread-F irregularities
nay onset with the F-layer either rieing or falling. The HF radar observations
show that although echoes from irregularities may be present on an lonogram
during the layer rise, these echoes are from a distance of greater than 150
kilometers horizontal distance. In fact, in all cases as irregularities moved
overhead the layer (overhead) was descending. This fact is important in
assessing generation mechanisms,

In addition, irregularity onset usually included irr-gularities from the
east, with the satructure moving rapldly westward; occasionally the echoes
indicate that irregularity onset jd4 to ihe west, with the structure following
the plasma drift eustward. The second case is interpretcd as the result of
changes in the usual structure of the wpread-F region.

Although the plume/bubble is difficult to observe In an individual
ionogram, dctailed processing of time meries of HF rudar ionograms does show
large ncale structures moving from west to east. One night of slmultaneous
Jicamerca VHF radar data and HF radar data has led to tentative identification
of these structures with the previously observed plumes or bubhlea. In fact,
the HF vadar has observed isolated or detached structures L' the post=midnight
fionosptiere that have many characteristics of bubbles. These structures are
detachud in the sense that there is no hottomalde spread=F during the trauslit

of the structure.



-16~-
Acknowledgemeats

I would like to acknowiedge the invaluable assistance of Kurt Moore of the
Conputer Support Group, Earth and Space Sciences Division, Los Alamos National
Laboratory and J. W. Wright of CIRES, University of Colorade 1in the
experimental data collection.. The log stics support of the Peruvian Instituto
de Geo‘ysica, an¢ CONIDA, made the experiment possible; the hospitality »>f Jean
and Madeline Lanat made it enjoyable. In addition, many valuable discussions
wity my colleagues at Los Alamos (David Simons, Dwight Rickle, John Wolcott,
Lewis Duncan and Paul Bernhardt) were instrumental in leading to the above

picture of the $»ead-F phenomena.



-17-
REFERENCES
Argo, P. E., "The Equatorial Spread-F of March R, 1983," in prepardtion.
Booker, H. G. and He W. Wells, "Scattering of Radio Waves by the F-Region
of the Ionosphere," Terr. Magn. Atmos., Electr., 43, 249, 1938.
3uchau, J., E. J. Weber and J. P. McClure, "Radio and Optical Diagnostics
Applied to an Isolated Fquatorial Scintillation Event," in Effect of the

Ionosphere on Space and Terrestrial Systems, edited by J. M. Goodman,

p.115, U.S. Government Printing Office, Washington, D.C., 1978,

Fejer, B. and M, C. Kelley, "Ionospheric Irregularities," Rev. Geophys.
Space Res., 18, 401, 1980.

Kelley, M. C. and J. P, McClure, "Equatorial Spread=F: A Review of Recent
Experimental Results," J. Atmos. Terr. Phys., 43, 427, 1981.

King, G« A. M,, "Spread-F on Ionograms," J. Atmos. Terr. Phys., 32, 209,
1970.

Nssakow, S. L., "Spread-F Theories ~ A Review," J. Atmos. Terr. Phys., 43,
437, 1981,

Paul, A. K., G. H. Smith and J, W. VWright, "Ray-Tracing Synthesis of
Ionogram Observations of a Large Local NDisturbance in the lonosphere,"
Radio Science, 3, 15, 1968.

Rastogi, R¢ G., "On the Fquatorial Spread F," Proc. 1Indlan Acad. Sci., 87,
115, 1978.

Sastrl, J. H. and B, S. Murthy, "On the Ouset of Equatorial Spread-F,"
Ann. Geophys., 34, 47, 1978,

Tsunoda, R T., "Time Fvoluitlon and Dynamics of Equatoriml Backescalter

Plumes, 1. Growth Phase,” J. Geophys, Res., 86, 139, 1981,



-18-

Wright, J. W., and M, L. V, Pitteway, "Real~time Data Acquisition and

Interpretation Capabilities of the Dynasonde, 2. Determination of

Magnetoionic Mode and Echo Location Using a Small Spaced Receiving Array,"
Radlo Science, 14, 827, 1979.

Zalezak, S. T., and S. L. 0Ossakow, ''Nonlinear Equatorial Spread-F:

Spatially Large Bubbles Resulting from Large Horizontal Scale Initial

Perturbations,” J. Geophys. Res., 86, 2131, 1980,



SOLAR FRAME

57 PLUMES/ BUBBLES - MOVE WESTWARD AT 100-200 m/sec RELATIVE TO EARTH SURFACE

N\ BOTTONSIDE SPREAD-7 - FEATURE LOCKED TO DAY/NIGHT TERMINATOR, PLASMA
MOVING AT 100-200 m/sec RELATIVE TO EARTH SURFAGE

PLUMES/
BUBBLES | Ey,

BOTTOMSIDE

SPREAD-F
SUN )

DETACHED
PLUMES

Figure 1



SOLAR FRAME

BUBBLE/ -
PLUME o seo N\
| 560N
|
|
: N
! 560
I
i -
i w
R oTToMsIE &
SPREAD-F | 2
| (]
I
|
| 1 ] 1 | ! | |
0000 2200 | 2000 1800 LOCAL TIME
5000 3335 1670 1 -1670 -3335 -5000 km
EAST ° WEST

“WENNH STRUCTURE REMAINS IN PLACE, WITH PLASMA MOVING THROU.'{ (FOEHN WALL)
Z7%Z% STRUCTURE DRIFTS WITH PLASMA

Figure 2



umlllli"mm

463 | ‘ o

L O km
e WEST



"PLASMA" FRAME (HORIZONTAL)

o *

563 ¢

EAST WEST



Hmen (km)

S - - March 13,1983
= Morch 14,1983
S _
aQ
&)
/df’
§—i o-
e
20 21 22 0o 1 2 4 SUT
15 B 17 19 20 21 25 24LT

Hmen

o]
o
a
+

DATE

- March 81983
= March 12,1983

Figure 5




----- NOMINAL LOCATION OF SPREAD F [RREGULARITIES
ACTUAL LOCATION OF IRREGULATITIES

EAST 2000 LT WEST EAST 2100 LT WEST

EAST 2130 LT WEST EAST 2200 LT WEST

Figure 6



A
240.0

N\

180.0 190.0 210.0

12C.0
TIGE
2ot

R ) ;

U | 1 ¥ 1 L L A ¥
U2 0 0% 000 005 00 0°05- 0°00l- 0'GRl- 0°00-0'0SI-
IISI0

Guys

o3uT

Cloevw

[Q]

N

Figare 7



11111

Figure 8



gl !
Sy

|

»

VIRTUAL HEIGHT
100 200 300 400 SOO 600

HUANCAYO HF RADAR
198370 3 20 O

e

8

B4,

VIRTURAL HEIGHT

100 200 300 400 SO 60O
1

- K
] .
. -
L h \J T T 1 T p———
HURANCAYD HF RADAR
198370 3 30 O _'ﬁ
& Yl
| B.E‘ el
-4 > ]
n.. ' . a] 1
f“."'g"._-."-":'\'h o r.
we R
T M xxﬂiii?;
L "'"h.;;'.' e
=y
LA — ™ T ——————

VIRTUSL HEITHT
i i st Sl Gl

i

HUANCAYO HF RADAR
1963 70 3 40 O

3&!5.'{-'

l 10
'roquom. y (%)

(8]

L T T T
-450 -350 250 -150 -5t

L T
S0 150

WEST-EARST

Figure 9

L L -
250 350 450

T,T'q;o;cs ll'ﬁsizlg_ L

g
8
g

HURNCAYO HF RADAR
4g8370 3 25 0

{ ol

mzuos:.nmsm

L T | 1 L

HURNCAYQ HF RADAR
198370 3 35 O

a!——--———-
3 -,
Lt s

e

1D maumrp——————
0

)
]

[ L2

)
IJroq.ur.: g ¥

400 SO0 0D
1 i J

w 2 X0

J T T 1 1 1

HURNCAYQ HF RAL 2R
19832 70 3 45 0

[ =] T T L T T ‘_-‘" ’
-450 -350 -250 -150 ~-SO %0 A

WEST-EAGT



)

-
EA

o a: o
B =E B
.f..‘ “ ._...»...#. *. . !
e -0 *
- Y mnv \ . _lm
K TAR S ot
A R
e /
N I..—..rll
008 ooy O -
(WH) ebuby N
o
= LN
. )
)
(wa]
- N
]
E o
S K
< T
o
¥
o rm
o
- _
T N . -
Q ! o
Z M : 2
@ Q@ e
35 O .
xI —
()
. cA
f 1§ | | B | 1
008 00S 00b 00g 00¢ 001 0

14Brey qon3unp

Figure 10a

PR | ——nﬂﬂ*



008

HUANCAYO HF RADAR

0

15

1983 74 2

-
20
2

-4

1 L | ]
00b 0oL 00¢e 00t
14618y o1 ap

west—east

Figure 10b



Figure 10c

AE IGHT

VIR

HUANCAYO HF RADAR

(o)
(en ]
1983 74 2 20 O -
o £
8— mg‘
N g’
o | o]
© 0 B
_} 13
= Fregoz--y "777z)
<
) :‘.' :"
’j‘ -
o |
) —
QN
I
S
o T T | T ! | l B

i |
-450 -350 -250 -150 -50 30 150 230 I3 )
WEST-EAST



Figure 1lla

Y |
DISTANCE o
-50.0-200 -150.0 -100.0 -S0.0 0.0 S0.0 i00.0 150.0 20.0 0.0
A 1 i1 i L 1 L . J

o NV |

(o] "S

500
001

Ohio
0'?8 0°s1

g Il
oof ¢ o°st

0°St

(23

oo

0) o
o-os




TIME

PRI g

L0 O

o \lll.D.ﬂ\lI
WDJJ_ID\L/I E
o . ID— 3

/\ / DJIIM

—

Figure 11b

0.0

= =4

—

T [
‘0°0se 00 0°05-

JONULSIA

T ———
0°'C02 (0©-°0st 0°0al

¥ 1

1
0°001- 0705 0°002-0°052-



[y S — - ey -~ - Lany
1= <> e e
T 1
| ) R
==& i T ST T
R o e oo
..... R e - e i —
x T A -5
-“ ..m.h - -
e -
' o~ - . .. .
— - - J
Lo g o .
1Y A 1 e | SVT
s ; q
_ i ‘ 2 ¥ :
’ “G‘.r.\-m.& h“ ) —..s..ﬂ l.l).\ ”"
| ) m
[ |1
& UL R D B L BT e i

J.)



.. ' i
| e
[ S S ﬂ.},_. I A —O B A B __ i “
0'0¢ 00 005t 00Ot 006 00 00 00 00% 0uRX 00N
ENG

Figure 13



